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Radio o r  radar location o f  planet Mercury was carried out 

i n  June 1962 by the Ins t i t u t e  of Radio Technology and Electronics 

of the USSR Academy of Sciences i n  collaboration with a se r ies  of 

organizations. Mercury's lower conjunction was selected f o r  measure- 

ments, when the planet is closest  t o  Earth. During measurements the 

distance t o  Mercury constdtuted 83 t o  88 million km, and was twice 

greater than a t  radar location of Venus i n  1961 El]. 

The study was carried out i n  a frequency near 700 mc/s. 

The transmitting antenna had a c i rcu lar  polarization. The density 

of the power flux a t  emission was 375 megawatt/sterad. Because of 
i 

great distances and small dimensions (since the surface of Mercury- 

i s  six times smaller than t h a t  of Venus) only about, 1 watt h i t  the 
8 

t o t a l  v i s ib le  surface of Mercury. The transmission was carried out 

by about 10-minute sessions, during which the signal passed the 

distance from Earth-to Mercury and return. The transmitted signal 
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had the form of telegraph dispatchings al ternat ing i n  two frequencies 

and differ ing by 62.5 cps. The duration of dispatchings and pauses i n  

each frequency was of 1024 milliseconds. 

The reception of ref lected s ignals  was made on an antenna with 

l i n e a r  polarization. A paramagnetic and a parametric amplifier were 

ins ta l led  a t  the receiver 's  input. The reflected signals originating 

together with the noises a t  receiver 's  output i n  the 30 t o  300 cps 

frequency band and with a scale osc i l la t ion  of 2000 cps were registered 

on a magnetic tape. The beginning of regis t ra t ion of 2000 cps osci l la-  

t ions corresponded t o  the computed moment of a r r iva l  of the 10-minute 

se r i e s  o f  reflected signals. 

The s h i f t  of car r ie r  frequency and of frequency of reflected 

signal manipulation, caused by the Doppler e f fec t  on account of the 

motion of Mercury and of the Earth (taking in to  account i t s  rotation) 

was compensated according t o  a computed program with the aid of a special  

device l inear ly  varying the frequency by 0.2 cps steps i n  the course of 

a session. A t  the same time, the astronomical un i t  was taken equal t o  

A = 148 599 300 km [ll, and the speed of l i g h t  - t o  299 792.5 km/ sec. 

The energy dis t r ibut ion i n  the spectrum of  the cegistered 

osci l la t ions was investigated with the aid of a 20-channel analyzer, 

s imilar ly  used i n  1961 fo r  Venus radar location [2 ,  31 e Two-circuit 

band-pass f i l t e r s  were used i n  the analyzer, with a 16 cps pass-band width 

(along the 3 db level) ,  whose mean frequencies differed by 16 cps. 
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Owing t o  the fourfold increase i n  magnetophone velocity when repro- 

ducing by comparison with the regis t ra t ion (which caused a proprtio- 

na l  widening by 4 times of the frequency spectrum of registered 

osci l la t ions)  the analyzer channel I s pass-band width, converted t o  

the received signal, was of 4 cps. 

The principle of.energy measurement of reflected signals i s  

i l l u s t r a t ed  i n  F i g . l .  Figured i n  the same drawing i s  the variation of 

the instantaneous signal and nbise power E' (t) and E" ( t )  i n  the two 

channels of the analyzer, whose frequencies d i f f e r  by 62.5 cps. A t  

time of magnetic recording reproduction a t  the output of each of the 

analyzer channels the aggregate signal and noise energy (see Fig. 1 

f o r  the designations) i s  determined fo r  the even and odd half periods 

of manipulation frequency with T/2 = 1024 millisecond duration, and 

the difference energy is  computed: 

This quantity depends on the time l ag  'I: , established a t  time 

of magnetic recording reproduction. Assume tha t  the lag  r i s  chosen 

such tha t  the moment t 3. Z correspond precisely t o  the factual time 

of  reflected signal se r ie  a r r iva l .  I n  t h i s  case the signal h i t s  one 

of the channels a t  odd intervals ,  and the other, whose frequency is  

62.5 cps less ,  - a t  even intervals .  I n  the first channel the aggregate 

energy f o r  the odd intervals  i s  equal t o  the energies of signal and 

noise, and f a r ,%he  even in te rva ls  - only t o  noise energy. The inpePSe 
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takes place i n  the second channel. The obtained quantity oqis maximum 

i n  t h i s  case and as an average equal t o  the ener-9 of reflected signals 

reaching both channels. The obtained values of nw,were related t o  the 

greater frequency. 

The sens i t iv i ty  cal ibrat ion 

of the radar i n s t a l l a t ion  was made 

by the emission of the extra-terres- 

t r i a l  discrete source Cassiopea A .  

Between 10 and 15 June 1962 materials 

of  53 sessions were processed. 

The aggregate r e su l t  of measu- 

rement of the spectrum of Mercury- 

reflected signals i s  plotted i n  Fig.2. 

Here the values of frequency se t t i ng  

of analyzer f channels are i n  the 

abscissa, and the sum of difference 

energies (1) f o r  the processed ses- 

sions, converted t o  

s i ty  as received by 

plot ted i n  ordinate 
2 

power S f l u x  den- 

the antenna i s  

axis. Dashe d l i ne  

Fig. T. Time diagram of analyzer 
operation; E' (t), E" ( t )  are 
sespectively the instaneous 
power of the received signal i n  
the first and second channels, 
whose frequencies d i f f e r  by 
62.5 cps. T 
signal manipulation ( 2048 m i l -  
liseconds) ; wi  Y W y  are respecti-  
vely the energies o f  the signal 
and the noise f o r  T/2 in te rva l  
duration i n  the f irst  and 2nd 
channels; to i s  the moment of 
the beginning of 2000 cps oscil-  
l a t i on  regis t ra t ion on the magne- 
t i c  tape; T i s  the lag,  fixed 
by the operator a t  time of re- 
production of magnetic regis t ra-  
t ion.  

i s  the period of 

points t o  the magnitude of the mean-square e r ror  caused by the noises. 

If the astronomical un i t  correspon&to the value 149 599 300 km 

admitted by us, the  signal energy must accumulate i n  caseof'blurring of 



5. 

the spectrum during a l l  days i n  channels corresponding t o  s ignal ' s  

nominal frequency of 215 cps. This i s  exactly what was obtained, a5 

may be seen f r o m  Fig.2. 

The energy of the central  band 4cps  

wide i n  Fig. 2 corresponds t o  the power of 

the reflected signal - 0.035 watt, isotropi- 

ca l ly  scatterd by Mercury's surface. Since 

about 1 watt h i t  %he t o t a l  surface of Mercury 

i n  these measurements, the mean ref lect ion 

fac tor  f o r  t h i s  band resu l t s  t o  equal t o  3.5%. 

< 

"p" 

Fig. 2. %an slpactm of 
Mercury-reflected signals 
(10 t o  15 June 1962). 

When adding up the energies i n  the 1 2  and 20 cps frequency bands (resp&- 

ive ly  3 and 5 bands i n  Fig. 2) ", Mercury's ref lect ion fac tor  i s  obtained 

equal t o  6%. These resu l t s  are close t o  the data on the Moon, known t o  

us. According t o  radar measurements [4, S] the ref lect ion fac tor  of the 

Moon consti tutes 

signals is concentrated i n  a frequency band near 2 cps (converted t o  

2 + 7.5%,  while half  of the energy of reflected 

Mercury) [6] 

6% i 

I 

. .  P -- 
Fig. 3. Distribution of the probabi l i t ies  of ref lect ion fac tor  values 

by the energies i n  the 4 cps (a) and 1 2  cps (b) 
frequency bands. 

x- see infrapaginal note next page 
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Inasmuch as it i s  not possible t o  re l iab ly  establ ish Mercury's 

re f lec t ion  fac tor  i n  view of the l o w  signal-noise ra t io ,  the r e su l t s  of 

measusement are presented i n  Fig. 3 i n  the form of l i k e l y  histograms. 

Plotted i s  i n  the abscissa axis the value of the ref lect ion fac tor  p 

with a 1% interval ,  and i n  the ordinate axis - the probabili ty p 

t h a t  the t rue value of the re f lec t ion  factor  i s  i n  the given interval .  

A t  the same time it was estimated tha t  the a p r i o r i  density dis t r ibut ion 

o f  ref lect ion f a c t o r ' s  probabili ty i s  uniform within the 0 -E 100% 
Y 

limits. 

The frequency of  the incoming reflected signals and t h e i r  l a g  

depend on the value of the astronomical uni t  A. Accumulating the d i f -  

ference energy (1) by analyzer channels corresponding t o  d i f fe ren t  

values of A, and taking the corresponding lags 2 ,  we may obtain the 

value of the difference energy bw,of the reflected signal i n  the 

assumption of different  values of A. 

Plotted i s  i n  Fig. 4 the r e su l t  of such a processing. Along the 

abscissa axis are the values of the astronomical unit with 10000 km 

inlemralIs, and along the ordinate axis - the r a t i o  x A W T / a ~ ~ v ,  where 

is sum of  difference energies f o r  the processed sessions taken 

by c h w e l s  and time lags  come t o  the given astronomical uni t ;  

G A w i s  the dispersion of  the quantity Z A W T  determined according t o  

$5 ( f rom the preceding page). - According t o  opt ical  observations, Mercury's 
rotat ion period is  equal t o  88 t e r r e s t r i a l  days, which a t  sounding signal 
frequency of  TOO mcps may cause a maximum widening of cho-signal spectrum 
by 210 cps re la t ive  t o  the mean frequency. 



7. 

t h i s  drawing's data. Rs my be s6wn f r o m  it, the m a x i m u m  posit ive 

value of the r a t i o  ~ ~ W T / ~ A W  

149 600 000 km value of the astronomical unit .  The negative overshoots 

(equal t o  2 ,  3) corresponds t o  the 
P 

a t  other values of the astronomical un i t  are caused by noises, f o r  the 

difference energy (1) of  the reflected signals must always have a posit ive 

sign i n  the absence of noises. 

Fig. 4. Difference energy accmK.a$io-n for various values of the astronomi- 
c a l  unit .  

I n  view of the smallness of the obtained value of  x A W , / G A ,  

the conducted experiment f o r  radar location of Mercury, taken s q a r a t e l y ,  

cannot re l iab ly  guarantee the value of the astronomical un i t  determined 

through it. However, it fur ther  corroborates the value of  the astronomical 

u n i t  obtained during radar location of Venus i n  1961 (see [l, 7 ,  8, 91 ). 

CONCLUSIONS, 

The r e su l t  of radar observations of planet Mercury do not contra- 

d i c t  the r e su l t s  of measurements o f - t h e  astronomical un i t  obtained during 
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radar location of Venus i n  1961 and provide f o r  Mercury a ref lect ion 

fac tor  close t o  t ha t  of the lunar surface. 
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